The anti-diabetic effects of a kaempferol glycosiderich fraction (KG) prepared from leaves of unripe Jindai soybean (Edamame) and kaempferol, an aglycone of kaempferol glycoside, were determined in genetically type 2 diabetic KK-A y mice. The hemoglobin A 1c level was decreased and tended to be decreased by respectively feeding KG and kaempferol (K). The area under the curve (AUC) in the oral glucose tolerance test (OGTT) tended to be decreased by feeding K and KG. The liver triglyceride level and fatty acid synthase activity were both decreased in the mice fed with KG and K when compared to those parameters in the control mice. These results suggest that KG and K would be useful to improve the diabetes condition. Key words: unripe soybean leaf; kaempferol glycoside; anti-diabetic effect; flavonoid Type 2 diabetes is the most common type of diabetes and has developed into a major worldwide concern.
1)
The number of patients has been estimated to increase to about 300 million by 2025 throughout the world. The major pathophysiological background to type 2 diabetes involves insulin resistance, obesity, and excessive energy intake.
2) Diabetes (type 2) has increased in children and adolescents. An effective treatment for type 2 diabetes and the metabolic syndrome as a cause of diabetes would clearly be of great benefit to the individual and society. 3) Flavonoids are polyphenolic compounds widely distributed throughout the plant kingdom. 4) They are important to protect plant leaves from UV rays during their growth. 5) Most flavonoids are natural antioxidants which reduce the risk of cancer, aging and cardiovascular diseases. 6) Their important roles include free radical scavenging, reduction, protection against lipid peroxidation and quenching of the reactive oxygen species. 7) Many compounds in the plant kingdom are reported to exist in glycosidic or glycol form. A previous study has proved that the bioavailability of the aglycone form was higher than the glycoside form for isoflavones. 8) A study has shown that glycosylation attenuated the efficiency in inhibiting the xanthine oxidase enzyme and that the aglycone acted as an active chelator of metallic ions. 9) However, to the best of our knowledge, the preventive effect of dietary kaempferol glycoside and its aglycone on diabetes in (type 2) model mice KK-A y has not previously been reported.
Soybean (Glycine max (L.) Merrill) can provide an important protein source and is an important part of the diet worldwide.
10) The physiological functions of soybeans have been studied, but no interest has been paid to the utilization of soybean leaves, especially the leaves of unripe soybean (Edamame, Glycine max (L.) Merrill. 'Jindai'). Jindai soybean is a local variety cultivated in Shinjo (Yamagata Prefecture, Japan), and the unripe soybeans are consumed as Edamame in Japan. However, the leaves of Jindai soybean at the unripe stage are discarded without being used. The use of these leaves and their extracts as raw food materials and food ingredients would therefore be attractive as an efficient use of bio-resources. It is already known that the leaves of some kinds of soybeans contain flavonols which are not found in soybeans themselves, as well as isoflavones, 11, 12) however, it has not been examined which flavonoids are contained in the leaves of unripe Jindai soybean and what physiological effects on type 2 diabetic KK-A y mice can be expected in the kaempferol glycosides isolated in this study and in an aglycone of kaempferol glycosides, kaempferol.
The effects of the kaempferol glycoside-rich fraction, which had been prepared from the leaves of Jindai soybean, on the markers for diabetes, and the serum and liver lipid levels were determined in KK-A y mice, an obese diabetic animal model, in comparison with those of kaempferol, an aglycon of kaempferol glycoside. Kaempferol glycosides contained in the kaempferol glycoside-rich fraction were also isolated and their chemical structures determined to deduce the effective principles.
Materials and Methods
Preparation of the kaempferol glycoside-rich fraction (KG). Jindai soybean (Glycine max L. Merrill. 'Jindai') leaves were collected in September 2008 from the Mogami area of Yamagata Prefecture in Japan. The leaves were washed with water and dried in shaded open air. The dried leaves were extracted with 70% methanol (MeOH) at 60-70 C under reflux for 3 h. The evaporated extract was dissolved in MeOH, before adding CHCl 3 and H 2 O to give a mixture of CHCl 3 / MeOH/H 2 O (1:1:2). The upper phase of the mixture was applied to an ion-exchange resin (Diaion, HP-20; Mitsubishi Co., Japan) column after its concentration. After washing the column with H 2 O, the phenolic compounds were successively eluted with an aqueous 20%, 50% and 100% MeOH solution. The eluate from the aqueous 20% MeOH solution was applied to silica gel column chromatography (prepared with n-hexane), using n-hexane/EtOAc and EtOAc/MeOH as the developing solvents. The fraction containing kaempferol glycosides, which was checked by HPLC with diode array detection (Fig. 1B) , was collected and evaporated for use in the animal experiments as KG. HPLC was performed in a Develosil C30-UG5 column (4:6 i.d. Â 250 mm; Nomura Chemical Co., Aichi, Japan) with solvent systems composed of 5% MeCN in 1% acetic acid (A) and 40% MeCN (B). A linear gradient of 0-100% of solvent B in solvent A over the course of 180 min at a flow rate of 0.8 mL/min was used.
Animals. 6-Week-old KK-A y /TaJcl male mice (29 g average weight) and 6-week-old C57BL/6JJcl male mice (19 g average weight) were purchased from Clea (Tokyo, Japan) and housed individually under a 12h:12h light-dark cycle at 22 AE 2 C and 40-60% humidity. After acclimatizing for 5 d, the KK-A y mice were assigned to 3 groups of 6 animals each: the basal diet group (CON group), basal diet plus kaempferol glycoside-rich fraction (KG group) and basal diet plus kaempferol (K group). Kaempferol was purchased from Extrasynthese (Genay, France). The C57BL/6JJcl mice group was fed with the basal diet (6 mice). Kaempferol (K) and the kaempferol glycoside-rich fraction (KG) for the K and KG groups were added at the 0.095% and 0.15% levels to the respective diets. The amount of kaempferol glycoside for the KG group was about 64%, so KG was added to the diet at the 0.15% level to provide an equal amount to that of kaempferol (0.095%). The ratio of KG in the diet was selected as a considerably higher amount because the mice fed with 10 g of the diet per day were given 9.5 mg of kaempferol glycoside. The composition of each experimental diet is shown in Table 1 . The diets and water were provided ad libitum for 29 d. The body weight was measured every other day, and the diet was measured daily. At the end of the feeding period, the mice were anesthetized with Nembutal (Dainippon Pharmaceutical Co., Osaka, Japan) after 10 h of fasting, and blood was collected by cardiac puncture, before the liver was detached. Liver lipids were extracted by the method of Folch et al.
13) The serum was prepared by centrifuging the blood at 3000 Â g for 10 min. The mice were cared for according to the institutional guidelines of Yamagata University.
Measurement of the fasting blood glucose levels and glucose tolerance test. Blood samples were collected from the tail vein after 10 h of fasting every week, and the levels of fasting blood glucose were measured with a Medesafe GR-102 commercial glucose analyzer (Termo Co., Tokyo, Japan; 20-600 mg/dL measuring range). An oral glucose tolerance test (OGTT) was performed on the 26th day after 10 h of fasting. The mice were administered with a glucose solution (1 g/kg of body weight). Blood samples were collected from the tail vein 0, 30, 60 and 120 min after glucose loading, and the glucose levels were measured with the Medesafe GR-102 instrument.
Measurements of the insulin and adiponectin levels. The serum levels of insulin, adiponectin, high-molecular-weight (HMW) adiponectin, and leptin were respectively measured with commercial ELISA kits (mouse insulin (S-type) kit, Shibayagi Co., Gunma, Japan; mouse adiponectin kit, Otsuka Co., Tokyo, Japan; mouse high-molecularweight adiponectin kit, Shibayagi Co., Gunma, Japan; and mouse leptin kit, Morinaga Co., Tokyo, Japan). The hemoglobin A 1c (HbA 1c ) levels were measured with a Micromat instrument (Bio-Rad Laboratories, California, USA) at 10:00-11:00 a.m. after 10 h of fasting at the end of the 4-week feeding period.
Lipid analyses. The serum and liver total-cholesterol (T-Chol), HDL-cholesterol (HDL-Chol), triglyceride (TG), and total nonesterified fatty acid (NEFA) levels were respectively measured with commercial kits (cholesterol E test, HDL-cholesterol E test, triglyceride E test, and NEFA C test kits; Wako Pure Chemical Industries, Osaka, Japan). Each liver lipid level was measured in the lipid fraction prepared from the liver by the method of Folch et al.
13)
Measurement of liver enzyme activities. Each sample to measure the liver enzyme activities was prepared by homogenizing the liver in a 3 mM Tris-HCl buffer (pH 7.2) containing 0.25 M sucrose and 1 mM EDTA. The supernatant of the homogenate obtained by centrifuging at 500 Â g for 10 min at 4 C was re-centrifuged at 9;000 Â g for 10 min at 4 C, and further centrifuged at 105;000 Â g for 60 min, respectively. The fatty acid synthase (FAS) activity was determined in terms of the malonyl-CoA-and acetyl-CoA-dependent oxidation of NADPH according to the methods of Kumer et al. and Carey et al. 14, 15) The reaction mixture was composed of a 0.1 M phosphoric acid buffer (pH 7.0) containing 0.2 mM EDTA, 0.3 mM NADPH, 0.05 mM acetylCoA and 0.2 mM malonyl-CoA. The rate of decrease in the absorbance at 340 nm was measured. The reaction mixture to measure the carnitine palmitoyl transferase (CPT) activity was composed of a 58 mM TrisHCl buffer (pH 8.0) containing 0.25 mM DTNB, 0.04 mM palmitoylCoA, 1.25 mM EDTA and 1.25 mM L-carnitine. The CPT activity was determined from the rate of change in absorbance at 412 nm. 16) Fecal lipid analyses. Feces were collected on days 26 and 27 for 48 h. Fecal total lipids were extracted by the method of Folch et al.
The lipids in the extracts were measured with commercial kits as already described. The total bile acid (T-BA) levels were measured with a total bile acid test kit (Wako Pure Chemical Industries, Osaka, Japan).
Isolation of kaempferol glycosides from the Jindai soybean leaves. The kaempferol glycoside-rich fraction (KG), which was used for the animal experiments, was applied to the top of a Sephadex LH-20 column (2:0 i.d. Â 90 cm; GE Healthcare Bioscience AB, Japan) which had been equilibrated with 50% MeOH and developed with the same solvent, fractionating to 15 g each. The fraction containing kaempferol glycosides, which was checked by analytical HPLC as just described, was further purified by preparative HPLC, using a Develosil C30-UG5 column (20 i.d. Â 250 mm; Nomura Chemical Co., Aichi, Japan) and solvent system composed of 5% MeCN in 1% acetic acid (A) and 40% MeCN (B). A linear gradient of 0-100% of solvent B in solvent A over the course of 180 min at a flow rate of 2.0 mL/min was used. Compounds a, b, c and d on the HPLC chromatogram in Fig. 1A and B were isolated and their MS and NMR data measured. NMR spectra were recorded on a JNM-EX 400 FT-NMR spectrometer (Jeol, Tokyo, Japan), using dimethylsulfoxide-d 6 (DMSO-d 6 ) as the solvent. Highresolution electrospray ionization Tof-mass spectroscopy (HRESI-Tof-MS) was performed in the negative mode on a Xevo QTof MS instrument with UPLC (Waters, Milford, MA, USA), using a BEH C-18 column (0:5 Â 50 mm, 1.7 mm; Waters, USA) and solvent system composed of 0.1% HCOOH in water (solvent A) and 0.1% HCOOH in acetonitrile (solvent B). A linear gradient of solvent B in solvent A was used.
Statistical analyses. Each value is presented as the mean AE SEM. The homogeneity of the variance between treatments was verified by Bartlett's test. Data for the CON, K and KG groups were statistically analyzed by a one-way analysis of variance (ANOVA). A post-hoc analysis of significance was made by using the Fisher's PLSD test, where the differences were considered significant at p < 0:05.
Results

Properties of the kaempferol glycoside-rich fraction (KG)
HPLC chromatograms of the 70% MeOH extract of the leaves of unripe Jindai soybean and of KG prepared from it are shown in Fig. 1A and B. A comparison of the two HPLC chromatograms shows that compounds a, b, c and d, which were the major components of KG, were also contained as major components in the 70% MeOH extract of the leaves, indicating that the major components in the leaves had been recovered in KG which was used in the animal experiments. All of the four compounds were identified as kaempferol glycosides from NMR and MS measurements as described later in this section. The respectiveamounts of compounds a, b, c and d in the leaves and KG were 6.8, 6.7, 10.1, and 5.7 mg/g dry weight, and 244, 241, 99, and 49 mg/g dry weight.
Food intake, body weight gain and organ weights There were no significant differences in the food intake or body weight gain among the three groups, excepting the C57BL group, although the food intake by the K and KG groups tended to be lower than that by the CON group. The liver, kidney and white adipose tissue weights also did not differ to a significant level among the three groups, excepting the C57BL group (Table 2) .
Fasting blood glucose levels, and glucose levels in the oral glucose tolerance test (OGTT)
The fasting blood glucose levels in the K and KG groups tended to be lower than that in the CON group, although not significantly (Fig. 2A) . The blood glucose levels from OGTT carried out on the 26th day tended to be lower in the K and KG groups than in the CON group (Fig. 3A) . The area under the curve (AUC) from OGTT also tended to be lower in the K and KG groups when compared with the CON group (0:05 < p < 0:1; Fig. 3B ).
Serum lipid insulin, HbA 1c , and cytokine levels As shown in Table 3 , there were no statistically significant differences in the serum T-Chol, HDL-Chol, TG and NEFA levels, and atherogenic index among the K, KG and CON groups. The leptin, adiponectin (total) and HMW-adiponectin levels also did not differ to a statistically significant level among the K, KG and CON groups, although the HMW adiponectin level tended to be higher in the K and KG groups (0:05 < p < 0:1). The adiponectin level in the K group, and the ratio of HMW adiponectin to adiponectin in the K and KG groups tended to be higher than in the CON group (HMW adiponectin/adiponectin ratio in the K and KG groups: 0:05 < p < 0:1). The serum insulin levels did not differ among the K, KG and CON groups (Table 3 ), although the HbA 1c level was significantly lower in the KG group and tended to be lower in the K group (0:05 < p < 0:1) than that in the CON group (Fig. 2B) .
Liver lipid levels, and liver FAS and CPT activities
The liver lipid levels are shown in Table 3 . The liver T-Chol, NEFA and PL levels were significantly lower in the K and KG groups than in the CON group. The liver TG level in the K and KG groups tended to be lower and significantly lower, respectively, than that in the CON group.
The activities of the liver FAS and CPT enzymes are also shown in Table 3 . The FAS activity was significantly lower in the K and KG groups than in the CON group, but the CPT activities did not differ among those three groups. There was no difference in the fecal excretion of T-Chol, TG and T-BA (Table 4) .
Identification of the kaempferol glycosides from Jindai soybean leaves
HPLC chromatograms of the upper layer of the mixture of the 70% MeOH extract, distilled water and CHCl 3 in a ratio of 2:1:1 by the volume of distilled water, MeOH and CHCl 3 , and of KG prepared from the 70% MeOH extract as already described are shown in Fig. 1A Fig. 4 and Table 5 . The HMBC spectrum of compound a (in DMSO-d 6 ) shows the anomeric proton at 5.60 (1H, d, J ¼ 7:3 Hz) having a cross peak with the carbon signal at 132.78, indicating that a sugar moiety with the anomeric proton at 5.60 was attached to the C-3 position of kaempferol via the 1 00 -hydroxyl group. The other anomeric proton of compound a at 4.57 (1H, d, J ¼ 7:3 Hz) shows a cross peak with the carbon signal at 80.13 corresponding to the C-2 00 position of the core sugar moiety, and indicating that a sugar moiety with the anomeric proton at 4.57 was attached to the C-2 00 position of the core sugar (galactose) moiety via the 1 000 -hydroxyl group. Anomeric protons at 4.36 (1H, s) of the other sugar A B (rhamnose) moiety of compound a shows a cross peak with the carbon signal at 64.93 corresponding to the C-6 00 position of the core sugar moiety. The chemical shifts of compound a in the 13 C-NMR spectrum (Table 5 ) agree well with the values recorded in the previous study. 17) Taken together, compound a was identified as kaempferol 3 
The HMBC spectrum of compound b shows the anomeric proton at 4.58 (1H, d, J ¼ 7:8 Hz) having a cross peak with the carbon signal at 82.0, indicating that a sugar moiety with the anomeric proton at 4.58 was attached to the C-2 00 position of the core sugar (glucose) moiety via the 1 000 -hydroxyl group. Irradiation of the anomeric proton at 5.51 (1H, bd, J ¼ 6:3 Hz) gave a weaker negative nuclear Overhauzer effect (NOE) on H-6 0 of the kaempferol moiety, indicating that a sugar moiety with the anomeric proton at 5.51 was attached to the C-3 position of kaempferol via the 1 00 -hydroxyl group. A cross peak between an anomeric proton at 4.31 (1H, bs) and C-6 00 at 66.08 of the core sugar moiety indicates that the other moiety with the anomeric proton at 4.31 (rhamnose) was attached to C-6 00 of the core sugar (glucose) moiety via the 1 0000 -hydroxyl group. Chemical shifts due to two-molecule sugar moieties (the core sugar moiety þ sugar moiety with the anomeric proton at 4.58 (1H, d, J ¼ 7:8 Hz)) of compound b in the 13 C-NMR spectrum were very similar to those of kaempferol 3-O-sophoroside, 18) except for the downfield shift of C-6 00 of the core sugar moiety, indicating that compound b was kaempferol 3-O-sophoroside attached to a sugar moiety at its C-6 00 position. The chemical shifts of the sugar moiety attached to C-6 00 were almost the same as those of compound a, indicating that the sugar moiety was rhamnose. Compound b was identified from these results
The 13 C-NMR chemical shifts of compound c were almost the same as those of compound a, except that the chemical shift due to the rhamnose moiety of compound a was not observed and that the chemical shift due to the C-6 00 position (core sugar moiety) had shifted to a higher field. Compound c was identified from these results as
The HMBC spectrum of compound d shows anomeric protons at 4.35 (1H, bs) and 5.05 (1H, bs) due to the two different sugar moieties (rhamnose moieties) having cross peaks with the carbon signals at 65.09 and 74.81, which correspond to the C-6 00 and C-2 00 positions, indicating that the respective rhamnose moieties were attached to C-6 00 and C-2 00 via their respective 1 000 and 1 0000 hydroxyl groups. An anomeric proton at 5.56 (1H, d, J ¼ 7:8 Hz) (the core sugar moiety) shows a cross peak with a carbon signal at 132.65, indicating that the 
Discussion
The fasting blood glucose levels of the K and KG groups attended to be lower than that of the CON group during the feeding period, although no statistically significant difference was apparent (Fig. 2) . OGTT shows that the increased blood glucose levels in the K and KG groups tended to be suppressed when compared with the CON group. AUC for the K and KG groups, calculated from the blood glucose levels of OGTT, tended to be lower (0:05 < p < 0:1) in the K and KG groups than in the CON group (Fig. 3) . These results may suggest that both K and KG had an ameliorating effect on glucose tolerance and diabetes, as the activity of flavonoids has been reported to improve glucose tolerance, 19, 20) although the anti-diabetic effect of kaempferol, its glycoside-rich fraction prepared in this experiment, and isolated kaempferol triglycosides had not previously been examined in KK-A y mice. The lower level of HbA 1c in the K and KG groups than in the CON group, measured after 4 weeks at the end of the feeding period, may indicate that feeding the K and KG for a longer period might be effective for mitigating diabetes (Fig. 2) . The HMW adiponectin level and HMW adiponectin/adiponectin ratio, which are both known to show a higher level in KK-A y -mice with diabetes, improved 21) and in patients with type 2 diabetes also improved, 22) while tending to be increased by K and KG feeding (Table 3) . These results may suggest that the anti-diabetic effects of K and KG were weak, although experiments with a higher dosage of K and KG might be necessary. The fact that there was no significant difference between the K and KG groups in the ability to improve the diabetic marker may indicate that the effect of KG could depend on its aglycone, kaempferol, although an experiment with equimolar amounts of K and kaempferol glycoside may be necessary; equal weight amounts of K and KG were used in this experiment without considering the weight of the sugar moiety of kaempferol glycoside.
Although the body weight gain, food intake and water intake during the feeding period did not differ to a statistically significant level, the weight of white adipose tissue, including the pararenal, epididymal and mesenteric adipose tissues, of the K and KG groups tended to be a little lower than that of the CON group ( Table 2) , suggesting that K and KG had activities to inhibit lipid accumulation or to promote lipid -oxidation. The report in which the anti-obese effect of a kaempferol glycoside (kaempferol 3-O--D-glucopyranoside), differing in its chemical structure from KG identified in this experiment, caused little decrease in visceral fat weight, 23 ) and a decrease in serum and liver TG levels, may suggest 
that K and KG may contribute to an improvement of the diabetes condition by suppressing TG accumulation; this is because the mesenteric fat weight tended to decrease and the liver TG level significantly decreased when compared with those parameters in the CON group (Table 3) . Lowering the FAS activity and no significant change in CPT activity by feeding K and KG may indicate the inhibition of FAS by K and KG, but not the activation of CPT that is mainly involved in lowering the liver TG level (Table 3 ). Significant lowering of the liver TG level by feeding K and KG is similar to the effect by feeding with kaempferol which has previously been reported for ddY mice, 22) indicating that the effect of KG might be mainly demonstrated by its aglycone, kaempferol. However, it remains to be examined whether KG was absorbed in the intestinal tract after its conversion to kaempferol or hydrolyzed to kaempferol after its absorption. No differences in the fecal excretion of lipids and bile acids ( Table 4 ) may indicate that the improvement to the liver lipid levels by K and KG was not ascribable to their inhibitory activity toward the intestinal absorption of dietary lipids. As the food intake by the K and KG groups was about 6% less than that by the CON group, although not to a statistically significant level, the tendency to lower adipose tissue weights and liver lipid levels might be ascribable in part to the lower food intake by the K and KG groups.
The results of this study demonstrate that dietary kaempferol, and KG which was mainly composed of compounds a, b, c and d, and differed from kaempferol 3-O--D-glucoside in their chemical structures, could possibly improve the HbA 1c level, glucose tolerance and liver lipid levels. It is considered that there are many foodstuffs containing kaempferol with two or three sugar moieties at its 3-position, so analyses of the physiological functions of KG may be helpful to understand the properties of foodstuffs containing kaempferol glycoside with two or three sugar moieties. No significant differences in OGTT, HbA 1c , and serum and liver lipid levels between the mice fed with K and KG suggests that the effects of KG were mainly due to those of kaempferol, the aglycone moiety of kaempferol glycoside in KG, although an experiment with equimolar amounts of K and kaempferol glycoside may be required to prove this notion. The lowering effects of K and KG on liver lipids and the tendency to improve diabetes by those compounds are considered partly due to the suppression of FAS activity by K and KG, although it is necessary to investigate the other effects of KG on lipid metabolism. The identification of kaemp- a See the carbon number in Fig. 4 for an example. Ã Assignments are interchangeable in the same column.
